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Understanding metal ion interactions with long-chain alkanes not only is of fundamental
importance in the areas of organometallic chemistry, surface chemistry, and catalysis, but also
has significant implication in mass spectrometry method development for the analysis of
polyethylene. Polyethylene represents one of the most challenging classes of polymers to be
analyzed by mass spectrometry. In this work, reactions of several transition-metal ions
including Cr1, Mn1, Fe1, Co1, Ni1, Cu1, and Ag1 with long-chain alkanes, C28H58 and
C36H74, are reported. A metal powder and the nonvolatile alkane are co-deposited onto a
sample target of a laser desorption/ionization (LDI) time-of-flight mass spectrometer. The
metal ions generated by LDI react with the vaporized alkane during desorption. It is found that
all these metal ions can form adduct ions with the long-chain alkanes. Fe1, Co1, and Ni1
produce in-source fragment ions resulting from dehydrogenation and dealkylation of the
adduct ions. The post-source decay (PSD) spectra of the metal–alkane adduct ions are
recorded. It is shown that PSD of Ag1 alkane adduct ions produces bare metal ions only,
suggesting weak binding between this metal ion and alkane. The PSD spectra of the Fe1, Co1,
and Ni1 alkane adduct ions display extensive fragmentation. Fragment ions are also observed
in the PSD spectra of Cr1, Mn1, and Cu1 alkane adduct ions. The high reactivity of Fe1, Co1,
and Ni1 is consistent with that observed in small alkane systems. The unusually high
reactivity of Cr1, Mn1, and Cu1 is rationalized by a reaction scheme where a long-chain
alkane first forms a complex with a metal ion via ion/induced dipole interactions. If sufficient
internal energy is gained during the complex formation, metal ions can be inserted into C–H
and C–C bonds of the alkane, followed by fragmentation. The thermal energy of the neutral
alkane is believed to be the main source of the internal energy acquired in the complex. Finally,
the implication of this work on mass spectrometry method development for polyethylene
analysis is discussed. (J Am Soc Mass Spectrom 2001, 12, 367–375) © 2001 American Society
for Mass Spectrometry
There are a great number of studies on gas phasereactions of alkanes with atomic transition-metalions [1–4]. Understanding these reactions is of
fundamental importance in the areas of organometallic
chemistry, surface chemistry, and catalysis [1–4]. Pri-
mary tools used for these studies include ion cyclotron
resonance (ICR) or Fourier transform ICR mass spectro-
metry (MS) [5–10], ion-beam mass spectrometry [1, 11,
12], and conventional tandem mass spectrometry (ms/
ms) [13–16]. Metal ions are often generated by surface
ionization [1], laser desorption/ionization [17], fast
atom bombardment of metals [18], or electron impact of
organometallic compounds [4]. Under well-defined
conditions, extensive information on reaction path-
ways, energetics, and kinetics of many alkane–metal
systems as well as intrinsic properties of metal ions
have been obtained. However, all these studies have
been focused on the interactions of transition-metal ions
with small, gaseous alkanes.
We report herein an investigation of reactions of
transition-metal ions with long-chain, nonvolatile al-
kanes by using laser desorption/ionization (LDI) time-
of-flight mass spectrometry. Besides the fundamental
importance, studies of intrinsic interaction properties
between long-chain alkanes and transition-metal ions
should be particularly valuable for mass spectrometry
method development in analyzing hydrocarbons such
as polyethylene. Transition-metal ions have been in-
creasingly used as a means of ionizing polymeric ma-
terials for mass spectrometric characterization of poly-
mers [19]. Selection of a proper metal ion is critical for
the success of polymer analysis by mass spectrometry.
For example, Ag1 is now commonly used to ionize
polystyrene and it allows the ionization of high molec-
ular weight polystyrene with molecular weights up to
1.5 million Da [20]. On the other hand, Cu1, not Ag1,
has been shown to provide efficient ionization of high
molecular weight polybutadiene and polyisoprenes
[21]. At present, polyethylene represents perhaps the
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most challenging polymers for mass spectrometry anal-
ysis. Thus, studies of interactions between long-chain
alkanes and transition-metal ions should benefit the
development of mass spectrometry methods for poly-
ethylene analysis. A better understanding of reactivity
of transition-metal ions will also assist in interpretation
of mass spectra of polymeric materials.
In this work we show that all transition-metal ions
studied can form adduct ions with long-chain alkanes
in LDI. We demonstrate that thermal energies pos-
sessed by these large alkanes can lead to somewhat
unusual reactivity with metal ions such as Cr1, Mn1,
and Cu1. A number of common products from the
fragmentation of metal ion long-chain alkane com-
plexes are detected.
Experimental
Two alkanes studied in this work, octacosane (C28H58)
and hexatriacontane (C36H74) were purchased from
Aldrich Chemical (Milwaukee, WI). The purities of the
alkanes were checked by gas chromatography/mass
spectrometry and no detectable impurities were found
in electron impact ionization spectra. The high purity
(.98%) metal powders, Cr, Mn, Fe, Co, Ni, Cu, and Ag,
were obtained from Aldrich or Fisher (Mississauga,
Ontario) and used as received. Chlorobenzene and
isopropyl alcohol (HPLC grade) were obtained from
Sigma (Milwaukee, WI).
Laser desorption/ionization was carried out in a PE
Biosystems Voyager laser desorption/ionization time-
of-flight (TOF) mass spectrometer (Framingham, MA).
The metal powders were first suspended in isopropyl
alcohol and then transferred onto the LDI sample
target. One mL of alkane solution at a concentration of 5
mg/mL in chlorobenzene was deposited on top of the
metal powders on the sample target and dried in the air.
Metal powders and alkanes were desorbed by a 337-nm
laser beam from a pulsed nitrogen laser. Ions generated
in the source were extracted into the flight tube after 100
ns delay. Precursor ions can be selected with an ion gate
in the instrument. The post-source decay (PSD) prod-
ucts of the selected ions, mainly from metastable disso-
ciation processes [22], were detected by the second lag
of the reflectron TOF. All spectra were the results of
signal averaging of between 100 and 200 shots and
calibrated internally using the distinctive metal ions or
their clusters. All data were reprocessed using the Igor
Pro Software package (WaveMetrics, Lake Oswego,
OR) and no background subtraction was performed.
Results
Figures 1 and 2 show the LDI mass spectra of C28H58
and C36H74 obtained by using different transition-metal
ions as the ionization reagent. The analyte peaks, la-
beled as M and F, are from the molecular ions and
fragment ions, respectively. The Ag cluster ions are
labeled as C. Other unlabeled peaks are from impuri-
ties. These impurity peaks can be readily distinguished
from the actual analyte peaks during the process of LDI
spectral recording. The concomitant appearance of the
analyte peaks with appropriate relative intensities is an
indication that they are from the same chemical origins.
Fragment ion spectra are very reproducible, whereas
the relative intensities between the impurity peaks and
analyte peaks vary widely from shot to shot and loca-
tion to location on the same spot. The impurity peaks
were found in blanks, indicating that they are from the
metal powders, solvents, and/or containers used for
sample preparation. These impurities might be present
in a trace amount; but their ionization efficiencies can be
much higher than alkanes, resulting in relatively high
background.
Figures 1 and 2 display some salient features for the
two alkanes. In all cases, metal ion/alkane adducts are
observed as the base peaks in the spectra. Note that the
term, adduct, used here does not reflect the nature of
interaction (see below). In addition, dehydrogenation
products are detected. Figure 3 displays the expanded
mass spectra in the molecular ion regions of the metal
Figure 1. Laser desorption ionization mass spectra of C28H58
obtained by using different metals. The metal–alkane adduct ions
are labeled as M and their fragment ions are labeled as F. The Ag
cluster ions are labeled as C. All other peaks are mainly from
impurities.
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ion adducts. The isotope distributions match very well
with the calculated distributions (not shown). In the
case of Fe1, the base peak is the dehydrogenation
product resulting from loss of two H2 from the adduct
ion. As seen from Figures 1 and 2, in-source fragmen-
tation products from loss of alkyl groups from the
adduct ions are observed for Fe1, Co1, and Ni1. Very
weak signals of these fragment ions are also detected
for Cu1.
Figures 4 and 5 show the PSD mass spectra of the
metal alkane adduct ions. For Fe1, Co1, and Ni1 alkane
adducts, dealkylation products are dominant in the
PSD spectra. No bare metal ions from Fe, Co, and Ni are
observed. In the case of Cu1, very weak peaks at m/z 63
and 65 may be assigned to Cu1, as shown in the insets
of Figures 4F and 5F. For Cr1 and Mn1, dealkylation
products along with bare metal ions are observed in
their PSD spectra. The appearance of these fragment
ions is independent of laser power used. However, their
intensities generally increase as laser power increases.
The post source decay of the Ag1–alkane complex
produces exclusively Ag1.
Discussion
As the metal ion interacts with the alkane, several
possible forms of intermediate can be produced. One is
the weakly and noncovalently bound adduct ion, which
can readily dissociate back to the reactants. Another
form of intermediate is a metal ion insertion product.
The metal ion is inserted into a C–H or C–C bond of the
alkane via an oxidative addition mechanism [1]. If the
internal energy of this intermediate product is not very
high, it can survive the entire duration of flight to be
detected as the intact metal–alkane ion. Products with
high internal energy will undergo fragmentation, via
processes such as dehydrogenation or dealkylation. For
unreactive metal ions such as Cu1 and Ag1 where
direct metal ion insertion to alkanes is not possible, an
intermediate involving a three-center two-electron
bond between the metal ion and C–H or C–C has been
proposed for small alkanes [23–25]. In this case, frag-
mentation takes place via heterolytic cleavage with
electron donation from C–H or C–C bond into the
empty s orbital of the metal ion.
The reactivity observed in this study for the reactive
metal ions of Fe1, Co1, and Ni1 can be explained by
considering the modified oxidative addition mecha-
nism. The actual reaction mechanism involved in metal
ion alkane interactions is still a subject of on-going
theoretical and experimental investigation [26–32]. The
traditional mechanism stated that metal ion insertion,
followed by b-H or b-carbon migration, results in
subsequent loss of H2 and short-chain alkanes [1].
Earlier reports on this mechanism assumed the CH or
CC insertion by the metal ion as the rate-limiting step.
Recent work suggests that the highest energy barrier
lies in the formation of multicenter transition states
(MCTSs) [26–32]. MCTSs are formed after the metal ion
insertion and before the H2 or short-chain alkane elim-
ination. If we assume there are MCTSs formed in the
interaction of a long-chain alkane and a metal ion, it is
unclear that the formation of MCTSs is still the rate-
limiting step. Unlike a short-chain alkane, intramolecu-
lar interactions near or away from the metal ion inser-
tion site are expected to occur for a long-chain alkane
system. One can speculate that any such interactions
could affect the energetics of MCTSs. Nevertheless, in
this work, we adhere to the simple oxidative addition
mechanism to provide a qualitative description of the
reaction process involved in the long-chain alkane
metal ion interactions. In the following discussion, the
similarity and differences observed in reactivity and
reaction products between those reported with short-
chain alkane systems and that from this study of
long-chain alkanes are noted.
Studies on reaction dynamics of alkane and transi-
tion-metal ions have received a considerable interest
[29–32]. The experimental setup described in this work
can provide some information about the reaction prod-
ucts at different time scales. For the Fe1, Co1, and Ni1
Figure 2. Laser desorption ionization mass spectra of C36H74
obtained by using different metals. The metal–alkane adduct ions
are labeled as M and their fragment ions are labeled as F. The Ag
cluster ions are labeled as C. All other peaks are mainly from
impurities.
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complexes, by operating the instrument in a dc extrac-
tion mode, we observed the fragment ions with similar
intensities as those with a delayed extraction (delay
time 5 100 ns). This result suggests that these fragment
ions are formed by fast dissociation of the alkane–metal
ion during the ionization process. The lack of any bare
metal ions in the PSD spectra of these adducts indicates
that during the time frame of metastable ion dissocia-
Figure 3. Expanded mass spectra showing the molecular ion regions of metal ion C28H58 (A) and
C36H74 (B) adducts. The dehydrogenation products are labeled as “–H2” or “–2H2”.
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tion (i.e., tens microseconds), dehydrogenation and
dealkylation are the major fragmentation pathways.
Weisshaar and co-workers have used a combination
of delayed extraction and applying retarding field in the
flight tube to probe the ion–molecule reaction dynamics
in the time scale up to 25 ms [30]. In their work,
supersonic jet cooled alkanes such as C3H8 or n-C4H10
interacted with a packet of Ni1 produced by laser-
induced resonant two-photon ionization in a field-free
region of the TOF mass spectrometer. Of particular
interest, they found that dissociation of Ni1–butane or
Ni1–propane complexes occurs promptly (,1 ms) as
well as over a long range of time scales (0.5 to 25 ms) and
fragment product ratios are similar at all times [30, 32].
In our reflectron PSD experiments, the time limit for
PSD in the first lag of the reflectron is about 32 ms for
Ni(C28H58)
1 and 36 ms for Ni(C36H74)
1. Our results,
albeit obtained under different conditions from those of
Weisshaar and co-workers, indicate that fragmentation
also occurs at a long range of time scales for much
larger alkane–metal ion complexes.
Considering a large degree of freedom associated
with a long-chain alkane metal ion complex, the obser-
vation of fragment ions at long time scales raises the
question whether statistical theory is applicable to the
fragmentation of such a large complex. There are a
number of examples in the literature related to the
fragmentation of other types of high mass ions. For
example, thermal induced fragmentation of peptide
and protein ions in the interface region of an electro-
spray ionization mass spectrometer is commonly ob-
served [33, 34]. Photodissociation of proteins can be
observed in TOF even though the energy placed to the
molecule is low (i.e., one photon absorption from a
193-nm laser beam) [35]. It has been noted that the basic
assumption of the statistical theory may not hold for
large molecules [35, 36]. In this work, as proposed
below, the complexes of long-chain alkanes and metal
ions may have much smaller degrees of freedom. Thus
the internal energy required to fragment the complex
might be much less than what RRK theory would
predict. We note that, unlike small alkane systems
where theoretical calculations such as those based on
density functional theory have been successful [31],
quantitative description of reaction energetics and dy-
namics of large systems remains to be formidably
challenging at present.
The types of reaction products from Fe1, Co1, or Ni1
interaction with long-chain alkanes are similar in con-
ventional spectra and PSD spectra. It has been shown
that exothermic reactions of Fe1, Co1, and Ni1 with
linear alkanes up to heptane produce the ions with the
Figure 4. Post-source decay mass spectra of metal ion C28H58
adducts.
Figure 5. Post-source decay mass spectra of metal ion C36H74
adducts.
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molecular formula M(CnH2n)
1 [37]. The same types of
ionic products are obtained in this work, as illustrated
in an expanded, representative PSD spectrum shown in
Figure 6 obtained from Ni(alkane)1. However, the loss
of CH4 from M(alkane)
1, observed in some small al-
kane systems (usually weak signals), is not found for
the long-chain alkanes. The first dealkylation product in
the series is the loss of C2H6. This is consistent with the
notion that metal insertion into the terminal C–CH3
bond is the least preferred reaction [37]. Unlike Co1 and
Ni1 where a very small percentage of dehydrogenation
products are observed, Fe(alkadiene)1 is a dominant
peak in the Fe1 mass spectrum (see Figure 3C). This
might be attributed to the larger excess energy retained
on the Fe(alkene)1 product after the initial metal inser-
tion reaction. It has been noted that the insertion
process is most exothermic for Fe1, compared to Co1
and Ni1 [37].
It is worthy commenting on the ratios of the prod-
ucts from alkane elimination and H2 elimination. Table
1 lists the branching fractions of Ni(C28H58)
1 calculated
from source fragmentation spectrum (i.e., Figure 1E up
to m/z ;200) along with those reported in the literature
for short-chain alkanes. Table 1 shows that alkane
elimination is strongly favored for the long-chain al-
kane over H2 elimination. In addition, among the al-
kane elimination products, there is a strong propensity
for the loss of larger alkanes. This is the case for all three
metal ions, as shown in Figure 1C–E. Studies on small
alkane–metal ion reactions suggest that alkane elimina-
tion occurs via CC insertion, whereas H2 elimination
occurs via CH insertion. If this holds for the larger
alkanes, then our results show that attacking CC bonds
is strongly favored over CH bonds for larger alkane
systems. However, whether the CC bond insertion is
equally probable or more selective across the long chain
cannot be readily inferred from the results shown here.
The product distribution that favors the low mass
fragment ions does not necessarily result from the
selective CC insertion. The larger fragment ions initially
produced by equally likely insertion into any CC bond
may possess sufficient internal energy to further disso-
ciate, resulting in a mass spectrum mainly composed of
low mass fragment ions. The PSD spectra do show a
product distribution containing many higher mass frag-
ment ions. They are from the alkane–metal complex
with lower energy than those undergoing fragmenta-
tion in the source region.
Unlike Fe1, Co1, and Ni1, Cr1, Mn1, and Cu1 are
known to be unreactive toward linear alkanes (e.g.,
n-butane) or they do not exothermically react to form
any other products besides adduct complexes [1]. Non-
reactivity is attributed to the stability associated with
ground states in half-filled or filled shells of these metal
ions [1]. We note that direct metal ion insertion into a
C–H or C–C bond has a relatively high energy barrier.
For example, insertion of Ag1 into the C–C bond of
Figure 6. Expanded PSD spectrum of Ni(C28H58)
1 showing the
dealkylation fragment ions.
Table 1. Product distributions of reactions of Ni1 with short-chain alkanesa and C28H58
Alkane C3H8 C4H10 C5H12 C6H14 C7H16 C28H58
–H2 0.20 0.24 0.29 0.48 0.33
–CH4 0.80 0.17 0.04
–C2H6 0.59 0.49 0.27 0.14
–C3H8 0.16 0.17 0.22
–C4H10 0.05 0.21 0.020
–C5H12 0.09 0.032
–C6H14 0.026
–C7H16 0.043
–C8H18 0.047
–C9H20 0.049
–C10H22 0.064
–C11H24 0.061
–C12H26 0.083
–C13H28 0.087
–C14H30 0.10
–C15H32 0.11
–C16H34 0.14
–C17H36 0.14
aFrom [37].
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C2H6 to form CH3–Ag
1–CH3 requires ;1.9 eV activa-
tion energy [25, 38]. Insertion of Cu1 into C–H and C–C
bonds is endothermic by ;1.7 and 1.2 eV, respectively
[23]. Thus the observation of fragment ions in the
present work from these otherwise unreactive transi-
tion-metal ions indicates that a substantial amount of
excess energy was present in the intermediate. When
the excess energy exceeds the energy barrier required
for dehydrogenation or dealkylation, fragment ions are
produced.
There are two possible sources of this excess energy.
One is from excited metal ions that react with the
alkane. However, the excitation or promotion energy of
these metal ions is quite high: 1.53 eV for Cr1 from a 3d
to 4s orbital, 6.83 eV for Mn1, and 2.72 eV for Cu1 [39,
40]. Under the conditions used for the production of
metals ions by desorption of metal powders with a
337-nm laser beam, although we cannot completely rule
out the absence of any excited metal ions, significant
numbers of excited metal ions are unlikely. This notion
is consistent with those noted in ICR experiments
where LDI has been commonly used for metal ion
production [41].
A likely source of excess energy is from the initial
thermal energy of the neutral alkane. For short-chain
alkanes the average rotational and vibrational energies
are very small and have no significant effect on ther-
modynamics of the metal–alkane interaction. For exam-
ple, Chen and Armentrout calculated that, at 305 K, the
average internal energy of CH4 is 0.039 eV from the
rotational energy contribution plus 0.0005 eV from the
vibrational energy contribution [42]. However, for long-
chain alkanes having high number of oscillators, the
average thermal energy can be quite high, particularly
in cases where heating (as in LD) is involved to vapor-
ize the samples. We can estimate the average thermal
energy of octacosane (C28H58, bp 278 °C/15 mm) to be
1.02 eV at 300 K, 2.74 eV at 500 K, and 9.52 eV at 1000
K, according to the calculation schemes presented by
Drahos and Vekey [43]. For hexatriacontane (C36H74, bp
265 °C/1 mm), the thermal energy is calculated to be
1.31 eV at 300 K, 3.53 eV at 500 K, and 12.24 eV at 1000
K. The temperatures of the gas phase molecules gener-
ated by LD are unknown, but are expected to be well
above room temperature [44]. Thus the gas-phase long-
chain alkane can have a substantial amount of thermal
energy as the neutral reactant.
We propose the following scenario for the reaction of
otherwise unreactive metal ion with a long-chain al-
kane. The long-chain alkane initially interacts with the
metal ion via long-range electrostatic interactions. For a
large, polarizable alkane, both long-range electrostatic
and short-range noncovalent interactions with the
metal ion are expected to occur [45]. The metal ion
bound to a C–C or C–H bond can still interact with the
remaining part of the alkane molecule via long-range
interactions to form a more compact complex. The
short- and long-range interactions in the complex will
restrict the motions of many oscillators in the molecule,
which reduces the number of rotational and vibrational
energy relaxation channels. As a result, a significant
portion of the original thermal energy from the alkane
can convert into the excess energy required for metal
ion insertion to a C–C or C–H bond. Subsequent frag-
mentation can occur if the metal ion inserted complex
still possesses a sufficient amount of internal energy.
The reactivity differences observed among Cr1,
Mn1, Cu1, as well as Ag1 could be attributed to the
different amount of excess energy generated in forming
the complex. In the case of Ag1, the interaction between
this metal ion and alkane is weak. Most of the species
are in the form of van der Waals adduct ions that
readily dissociate during the ion extraction and in the
field-free flight region, as evidenced by strong Ag1
signals observed in the PSD spectrum. Only a small
amount of dehydrogenation product is generated,
likely from metal insertion into the C–H bond. We note
that in the studies of small, branched alkanes with Ag1,
dehydrogenation product was not observed, although a
number of other products were detected via the hetero-
lytic cleavage mechanism [25]. Ionic products of alkane,
alkene, or alkadiene without metal ion attached are not
observed in the long-chain alkane reactions. In studying
small alkanes, the excess energy is usually from a
collision-induced process, not the thermal energy of the
reactant as in the case of the present study. Thus a
greater amount of internal energy may be placed in the
long-chain alkane–metal ion complex. The chain length
difference may also influence the reaction mechanism(s)
and energy exit channels.
If we examine the product distributions of the Cr1,
Mn1, and Cu1 interactions with the long-chain alkanes
(see Figures 4 and 5), it is clear that dehydrogenation
product signals are much more intense than those of
dealkylation products. Thus the observation of dehy-
drogenation products in the case of Ag1 is not surpris-
ing. If we could place more energy to the Ag1–alkane
complex, we would observe dealkylation products.
Among the four otherwise inactive transition-metal
ions, Cu1 displays the highest reactivity. The PSD
spectrum of Cu1–alkane shows the most intense deal-
kylation products and the least amount of bare metal
ions, compared to Cr1, Mn1, and Ag1. This is likely
due to greater binding ability of Cu1 to the alkane [41]
to form a relatively more compact complex, resulting in
a larger excess energy. This larger excess energy, in
combination with a smaller energy barrier for Cu1
insertion into the C–H or C–C bond (1.2 eV for Cu1
insertion into C–C vs., for example, 1.9 eV for Ag1
insertion into C–C), yields the dominant metal insertion
complex. Subsequent dealkylation results in more sta-
ble Cu(alkene)1, compared to Ag(alkene)1 [46–48].
The reactivity of Cr1 and Mn1 appears to lie in
between Ag1 and Cu1. Dealkylation becomes notice-
able in the PSD spectrum only at higher laser power. In
addition, a very intense Cr1 or Mn1 signal is observed,
suggesting that most of the Cr1–alkane or Mn1–alkane
complex are in the form of van der Waals adduct ions.
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At lower laser power, the intensity of fragment ions is
reduced. This is likely due to the reduction of the
temperature or the initial thermal energy of the alkane
vaporized by LD, hence the reduction of the excess
energy placed on the intermediate.
It is worth noting that under similar conditions
C36H74 appears to fragment more readily than C28H58.
Figure 7 shows the PSD spectra of the two alkanes
reacting with Fe1. These two spectra are normalized to
the precursor ions. It is clear from Figure 7 that more
intense dealkylation products with C36H74 are ob-
served. This result may be explained by considering the
higher initial thermal energy of C36H74 than that of
C28H58. It is interesting that further increase in the chain
length to C48H98 (results not shown) does not produce
more dealkylation products. This indicates that there
might be a “critical length” among the homologs al-
kanes above which the internal energy gained in the
formation of a complex is no longer significant.
Finally, it is interesting to note that the LDI technique
reported here can produce metal ion clusters. In partic-
ular, very intense cluster ions are formed in the case of
Ag (see Figures 1G and 2G). There are no metal cluster–
alkane adduct ions detected. This type of adduct ions
was observed when fast atom bombardment was used
as the ionization source for studying metal ion interac-
tions with isobutane [18]. However, it has been noted
that the high reactivity of Cu1 and its clusters was
likely due to the excited metal ions formed in FAB [41].
In summary, we have demonstrated that laser de-
sorption/ionization TOF mass spectrometry can be
used to study transition-metal ion interactions with
relatively nonvolative, long-chain alkanes. The ob-
served product distribution as well as the reactivity of
Cr1, Mn1, Cu1, and Ag1 is different from those with
small alkane systems. The difference is attributed to the
large initial thermal energy of a more polarizable long-
chain alkane that can be converted into excess energy
when a more rigid metal ion alkane complex is formed.
The results shown here suggest that all transition-metal
ions studied in this work can potentially be useful as the
cationization reagent for polyethylene analysis. The LDI
spectra of long-chain alkanes obtained by using silver
ion display the least amount of fragmentation and thus
the silver ion is perhaps the most suitable transition-
metal ion for molecule weight analysis of polyethylene.
Finally, the fragmentation patterns of long-chain al-
kanes studied in this work should be very useful in
interpreting LDI spectra of polyethylene. We note that
some preliminary work from this laboratory on LDI and
matrix-assisted laser desorption/ionization of low mo-
lecular weight polyethylenes (up to MW 4000) by using
silver ion as cationization reagent and dithanol or
all-trans retinoic acid as matrix has been presented at
recent conferences [49]. We are in the process of exam-
ining other transition-metal ions as the cationization
reagents for polyethylene analysis. A detailed descrip-
tion of the method along with the interpretation of the
obtained mass spectra under different experimental
conditions will be reported shortly.
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